Aims/Introduction: The present phase 3, randomized, double-blind 24-week study with extension to 1 year assessed the efficacy and safety of albiglutide compared with placebo in Japanese patients with type 2 diabetes mellitus inadequately controlled by diet and exercise with or without a single oral antidiabetic drug. Materials and Methods: Patients received weekly albiglutide 30 mg (n = 160), albiglutide 50 mg (n = 150) or a placebo switched to albiglutide 30 mg after 24 weeks (n = 77). Open-label daily liraglutide 0.9 mg (n = 103) was included as a reference. Oral antidiabetic drug use was discontinued before baseline. The primary end-point was 24-week change from baseline in glycated hemoglobin (HbA1c). Secondary end-points included fasting plasma glucose, bodyweight and adverse events. Results: At 24 weeks, mean HbA1c changes from baseline were -1.10, -1.30, and 0.25% for albiglutide 30, 50 mg and placebo, respectively (P vs placebo <0.0001 for both albiglutide doses), -1.19% for liraglutide. Decreases in HbA1c with albiglutide were sustained through the study. Mean fasting plasma glucose decreased by ≥20 mg/dL, and the mean change in bodyweight was ≤0.5 kg through 1 year across groups. Most commonly reported adverse events were nasopharyngitis, constipation and nausea. The incidence of adverse events was higher in active treatment groups than in the placebo group. Few hypoglycemia events were reported; no patient withdrew as a result of hypoglycemia. No new safety signals were detected. Conclusions: Albiglutide monotherapy achieved clinically significant decreases in HbA1c and fasting plasma glucose with good tolerability in Japanese patients with type 2 diabetes mellitus inadequately controlled by diet and exercise with or without a single oral antidiabetic drug.
INTRODUCTION
Glucagon-like peptide-1 (GLP-1) receptor agonists stimulate the incretin system, enhancing the secretion of insulin from pancreatic b-cells in response to ingested glucose combination with oral antidiabetic drugs (OADs) in primarily Caucasian adults with type 2 diabetes mellitus [2] [3] [4] [5] [6] [7] [8] . Type 2 diabetes mellitus in East Asian individuals is largely dependent on b-cell dysfunction [9] [10] [11] [12] , and meta-analyses show incretin-based drugs to have greater efficacy in Asian than non-Asian dominant studies [13] [14] [15] . Experience with albiglutide in Japanese patients with type 2 diabetes mellitus includes two short-term, phase 2 studies 16, 17 . These studies showed that albiglutide improves glycemic parameters and is well tolerated in this patient population.
Here, we present the results of a 1-year, phase 3 study evaluating the efficacy and safety of albiglutide 30 or 50-mg monotherapy compared with a placebo in Japanese patients with type 2 diabetes mellitus whose disease was inadequately controlled by diet and exercise, either alone or in combination with a single OAD.
METHODS

Study design and patient population
The present study was carried out in accordance with the International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use Guideline for Good Clinical Practice, all applicable patient privacy requirements and the ethical principles outlined in the Declaration of Helsinki (2008) . The protocol was approved by investigational center ethics committees or institutional review boards, and written informed consent was obtained from each patient before any study-specific procedure was carried out. The study is registered at ClinicalTrials.gov under the number NCT01733758.
In the present phase 3, 24-week, randomized, double-blind, placebo-controlled study, with an extension to 1 year, patients were randomized to a matching placebo, one of two albiglutide arms (once weekly) or open-label liraglutide ( Figure 1 ). The dosage of albiglutide was started at 30 mg for both albiglutide groups. One albiglutide group remained at the 30-mg dose throughout the study, whereas albiglutide was increased to 50 mg at week 4 in the other treatment group. The open-label liraglutide arm (started at 0.3 mg once daily, then titrated up to 0.6 and 0.9 mg after 1 and 2 weeks, respectively) was included as an active comparator reference arm only, as required by the Japanese Pharmaceuticals and Medical Devices Agency. Liraglutide 0.9 mg is the maximum dose approved in Japan.
Study assessments were scheduled at week -8 to -4 (screening), week -2 (washout/run-in) and week 0 (baseline); thereafter, visits were scheduled at weeks 4, 8, 11, 12, 16, 21, 24 , 28, 40 and 52; a follow-up visit was scheduled for week 60.
Eligible patients had type 2 diabetes mellitus that was inadequately controlled on a regimen of diet and exercise alone or diet and exercise with a single OAD (including a biguanide, glinide, sulfonylurea, a-glucosidase inhibitor or dipeptidyl peptidase-4 inhibitor) for at least 8 weeks before screening. For patients being treated with diet and exercise alone, glycated hemoglobin (HbA1c) had to be ≥7.0 and ≤10.0% at screening and at visit 2. For patients being treated with diet and exercise and a single OAD, HbA1c had to be ≥6.5 and ≤9.5% at screening, and ≥7.0 and ≤10% at visit 2.
Excluded were patients with type 1 diabetes mellitus, clinically significant cardiovascular and/or cerebrovascular disease, current biliary disease, clinical signs or symptoms of or a history of pancreatitis, personal history or family history of medullary thyroid carcinoma, or prior use of a thiazolidinedione or GLP-1 receptor agonist within 4 months before screening. • Diet + exercise with vs without OAD
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Patients currently receiving a single OAD were asked to discontinue their OAD during the 4-to 8-week washout/run-in period and throughout the duration of the study.
Study objectives
The primary end-point was change from baseline in HbA1c with albiglutide vs placebo at week 24. Secondary end-points included change from baseline to week 24 in fasting plasma glucose (FPG); changes from baseline over time in HbA1c, FPG and body weight; the proportion of patients achieving target HbA1c treatment goals of <6.5 and <7.0%; time to study withdrawal; and rates of adverse events (AEs), serious AEs (SAEs) and hypoglycemic events.
Assessments
Blood samples for assessments, including HbA1c and FPG, were taken before administration of the investigational product at study visits. Glycemic evaluations were carried out at a central laboratory. The presence of anti-albiglutide antibodies was assessed in all patients, except those in the open-label liraglutide arm, using a validated enzyme-linked immunosorbent assay. Selected anti-GLP-1-positive samples were further tested for GLP-1 neutralizing activity. Immunogenicity sampling was carried out at visit 3 (baseline), and weeks 12, 24, 40, 52 (end-oftreatment visit) and 60 (follow-up visit). Safety assessments included SAEs and AEs, which included AEs of special interest, such as hypoglycemic events, gastrointestinal events, injection-site reactions, potential systemic allergic reactions, thyroid tumors, cardiovascular events, atrial fibrillation and atrial flutter, pneumonia, diabetic retinopathy, pancreatitis, appendicitis, and liver events. Clinical laboratory evaluations, physical examinations, 12-lead electrocardiograms and vital signs were also assessed.
Criteria for protocol-specified withdrawal for hyperglycemia Patients were withdrawn from the study if they met the protocol-specified definition for hyperglycemia: FPG ≥15.5 mmol/L (≥280 mg/dL) between week 2 and week 4; FPG ≥13.9 mmol/L (≥250 mg/dL) between week 4 and week 12; or FPG ≥12.8 mmol/L (≥230 mg/dL) between week 12 and week 52.
Statistical analysis
Change from baseline in HbA1c and FPG at weeks 24 and 52 were analyzed using an analysis of covariance model with group (excluding the liraglutide arm), prior diabetes therapy and age category (<65 vs ≥65 years) as factors, and baseline HbA1c as a continuous covariate. The primary analyses were carried out on the intention-to-treat population (all patients with a baseline assessment and at least one post-baseline assessment of HbA1c) using a last observation carried forward algorithm. Change from baseline over time in HbA1c, FPG and bodyweight was evaluated descriptively. The proportion of patients achieving HbA1c responses of <6.5 or <7% was analyzed by the Cochran-Mantel-Haenszel test, adjusting for baseline HbA1c, prior diabetes therapy and age. Albiglutide 30 and 50 mg were compared with a placebo for time to withdrawal for any reason or due to hyperglycemia using pairwise log-rank tests. No statistical analyses were carried out against the liraglutide reference group. The safety population included all randomized patients who received at least one dose of study treatment. Descriptive summaries of AEs and SAEs are presented.
Randomized treatment assignment was based on a sequestered, fixed randomization schedule that was computer generated and implemented through an interactive voice response system established by the sponsor. Both patients and investigators were blinded to the albiglutide and placebo treatment assignments. Eligible patients were stratified by HbA1c level (<8.0 vs ≥8.0%) at visit 2, current diabetes therapy at screening (diet and exercise alone vs diet and exercise with a single OAD therapy) and age (<65 vs ≥65 years). The study of approximately 375 patients randomized to three blinded treatment groups in a 2:2:1 ratio had at least a 95% power to reject the null hypothesis of no treatment benefit if the actual albiglutide treatment superiority was no smaller than 0.6% and the standard deviation for HbA1c change from baseline was no larger than 1.1%.
RESULTS
The study was carried out in 75 centers in Japan between 22 February 2013 and 23 February 2015.
Patients
Patient disposition is shown in Figure 2 . A total of 494 patients were enrolled. Patients randomized and receiving at least one dose of study treatment (safety population, n = 490) included those treated with a placebo (n = 77), albiglutide 30 mg (n = 160), albiglutide 30 mg titrated up to 50 mg at week 4 (n = 150) or liraglutide (n = 103). A total of 50 patients discontinued treatment; 21 patients discontinued due to AEs (Figure 2) . Treatment groups were well balanced at baseline (Table 1) .
Efficacy
Change from baseline in HbA1c and FPG levels Mean decreases from baseline in HbA1c levels were observed over time in all active treatment groups ( Figure 3a ). Declines in all active treatment groups were >1% by week 12, and were maintained through week 52. At week 24, changes from baseline in HbA1c (standard error [SE] ) before applying the statistical model were 0.24% (0.72%), -1.08% (0.62%), -1.32% (0.70%) and -1.19% (0.64%), respectively, for the placebo, albiglutide 30 mg, albiglutide 50 mg and liraglutide. HbA1c increased slightly in the placebo group (before switching to albiglutide 30 mg) from baseline to week 24, then decreased after albiglutide treatment was started.
As shown in Figure 3b , at week 24, the model-adjusted least squares mean change from baseline in HbA1c [SE] The percentages of patients achieving HbA1c target goals of <6.5 and <7.0% at weeks 24 and 52 are shown in Figure 4 . The percentage of patients achieving the HbA1c target goals of both <6.5 and <7.0% at 24 weeks was significantly higher in both albiglutide groups compared with the placebo (P ≤ 0.0001), and the percentage of patients achieving the HbA1c level of <6.5% at week 52 was significantly higher in the albiglutide 50-mg group compared with patients switched from the placebo to albiglutide 30 mg (P = 0.014). Figure 5a shows the change in FPG over time. FPG declines in all active treatments were >25 mg/dL by week 4, and remained low through week 52. Model-adjusted least squares mean change from baseline showed a pattern similar to that of HbA1c (Figure 5b 
Bodyweight
Mean changes in bodyweight were minimal and within -0.5 kg of baseline in all treatment groups at week 24 (ranging from 0.32 kg in the albiglutide 30-mg group to -0.50 kg in the placebo group) and at week 52 (ranging from 0.08 kg in the albiglutide 30-mg group to -0.50 kg in the liraglutide group).
Time to study withdrawal By week 24, 12 (15.6%), seven (4.4%), and nine (6.0%) patients had withdrawn from the study in the placebo, albiglutide 30-mg and albiglutide 50-mg groups, respectively. By week 52, 15 (19.5%), 12 (7.5%), and 15 patients (10.0%) had withdrawn from the study in the placebo, albiglutide 30 and albiglutide 50-mg groups, respectively (see Figure 2 for reasons for withdrawal). Log-rank comparison showed that over the course of the study, the time to withdrawal was significantly longer for the albiglutide 30-mg group (P = 0.0059) and the albiglutide 50-mg group (P = 0.0322) compared with the placebo group.
Withdrawals for hyperglycemia
One patient in the placebo group (at week 6) and one patient in the albiglutide 30-mg group (at week 29) were withdrawn from the study due to protocol-specified hyperglycemia criteria. Two additional patients in the placebo group and one patient in the albiglutide 30-mg group were withdrawn from the study at the investigator's discretion due to persistent hyperglycemia. These three patients did not meet the protocol-specified criteria for withdrawal for hyperglycemia.
Safety
AEs
After 52 weeks, the frequencies of any AE ranged from 58.5% of patients in the placebo group, after the switch to albiglutide 30 mg, to 83.3% of patients in the albiglutide 50-mg group (Table 2) . Most AEs were rated as 'mild' or 'moderate' in intensity across all groups; just four (2.5%) and two (1.3%) patients in the albiglutide 30 and 50-mg groups, respectively, reported an AE that was rated as 'severe.' Table 3 shows the most commonly reported AEs through week 52. The frequency of any on-therapy hypoglycemic event was 2.6% (n = 2) for placebo before switching and 4.6% (n = 3) after switching to albiglutide, 5.0% (n = 8) for albiglutide 30 mg, 4.0% (n = 6) for albiglutide 50 mg, and 2.9% (n = 3) for liraglutide. None of these AEs was serious or led to withdrawal of active treatment.
Gastrointestinal events
Nausea was among the most common AEs (Table 3 ). There were no severe events of nausea during the study, and no patients were withdrawn due to an AE of nausea. A total of 16 patients experienced AEs of nausea, considered treatmentrelated (three patients in the placebo group before switching to albiglutide and two after switching, two patients receiving albiglutide 30 mg, and nine patients receiving albiglutide 50 mg).
A total of eight events of on-therapy vomiting were reported (in <2% of patients). All AEs of vomiting were mild, and none led to withdrawal of study medication. Four patients experienced treatment-related vomiting (one in the placebo group before switching to albiglutide, one in the albiglutide 30-mg group and two in the albiglutide 50-mg group).
The frequency of diarrhea is shown in Table 3 . There were no events of diarrhea rated as severe during the study, and no patients were withdrawn due to an AE of diarrhea. Seven patients experienced events of diarrhea that were considered treatment-related (two patients in the placebo group before switching, three in the albiglutide 50-mg group and two in the liraglutide group).
Serious AEs A total of 11 patients (all in the albiglutide 30 and 50-mg groups) experienced a total of 13 SAEs through week 52. Six SAEs of neoplasm were reported including breast cancer (n = 1, albiglutide 50 mg), gastric cancer (n = 1, albiglutide 50 mg), lymphoma (n = 1, albiglutide 50 mg), pancreatic cancer (n = 1, albiglutide 30 mg), plasma cell myeloma (n = 1, Three on-therapy deaths occurred during the study (n = 2, albiglutide 30 mg; n = 1, albiglutide 50 mg). One death was considered related to study medication; a 65-year-old patient in the albiglutide 30-mg group experienced a fatal, on-therapy SAE (pancreatic cancer) 196 days after the first dose and 7 days after the last dose of albiglutide.
Antidrug antibodies
Treatment-induced antidrug antibodies were reported in 34 of 387 (8.8%) patients treated with albiglutide. No neutralizing antibodies were detected. Mean change from baseline (standard deviation) in HbA1c was comparable between antibody-positive and antibody-negative patients: -1.02% (0.99%) and -1.19% (0.75%), respectively.
DISCUSSION
The results of the present long-term study of albiglutide in Japanese patients with type 2 diabetes mellitus show that weekly albiglutide monotherapy exhibited favorable characteristics in safety and efficacy in Japanese patients with type 2 diabetes mellitus inadequately controlled by diet and exercise with or without a single OAD. This study is the first to show that long-term albiglutide monotherapy in Japanese patients with type 2 diabetes mellitus is well tolerated and improves glycemic measures. These results extend previous findings of safety and efficacy in short-term studies of Japanese patients 16, 17 . The effectiveness of albiglutide in Japanese patients is of particular interest, because the drug targets pancreatic b-cell dysfunction, which is the primary deficit in type 2 diabetes mellitus of East Asian patients [9] [10] [11] [12] . In meta-analyses, incretin-based drugs are seen to have greater efficacy in Asian compared with nonAsian populations, without major differences in safety [13] [14] [15] . The current study met its primary end-point, with albiglutide monotherapy leading to clinically and statistically significant reductions in HbA1c levels. Albiglutide monotherapy was effective in lowering both HbA1c and FPG, with improvements maintained throughout the 52-week study. More patients in the albiglutide groups achieved the target treatment goals of <6.5 and <7.0% HbA1c compared with the placebo at week 24. By week 52, after patients in the placebo group had been switched to albiglutide 30 mg, the percentage of patients achieving the target treatment goal of <7.0% HbA1c was similar across all albiglutide groups. Although liraglutide was included only as a reference arm, changes in glycemic parameters in this group were generally comparable with those observed in the albiglutide groups. Changes in bodyweight were minimal (within -0.5 kg of baseline) in all groups over the course of the study. The rate of treatment-induced antidrug antibodies against albiglutide was low (8.8%) and was not treatment limiting, as no neutralizing antibodies were detected. HbA1c lowering was comparable between patients who were positive or negative for anti-albiglutide antibodies. However, because of the small number of antibody-positive patients, no conclusions about the impact of the antibodies on efficacy or safety can be drawn.
Albiglutide was generally well tolerated at both dosages, with comparable rates of AEs across active treatment groups. The most commonly reported AEs were nasopharyngitis, constipation and nausea. The rates of gastrointestinal events, a class of AE consistent with the known profile of GLP-1 agonists, were low and consistent across treatment groups. The rates of diarrhea and nausea were highest in the albiglutide 50-mg group (5.3 and 6.7%, respectively), but it should be noted that diarrhea and nausea rates in the placebo group before switching to albiglutide were only slightly lower (5.2% for both). SAEs were observed in 11 patients, all of whom were receiving albiglutide. One SAE (pancreatic cancer) was considered to be related to study medication. This SAE also accounted for the only death related to study medication.
A limitation of the present study was that the active comparator, liraglutide, was open-label and not included in the statistical analyses. In addition, the dosage of liraglutide (0.9 mg daily) was only half the maximum dosage permitted in several countries, although it is the maximum liraglutide dosage approved in Japan; therefore, it provides information that is clinically relevant to this patient population. Both doses of albiglutide were comparable with liraglutide for efficacy and safety, although only liraglutide was open-label, and that could have led to bias in safety and efficacy reporting in the liraglutide group. The inclusion of a placebo arm provided the best means with which to test the effectiveness and tolerability of albiglutide monotherapy in this patient population; however, the shorter duration of exposure to placebo and albiglutide (approximately 24 weeks each) in the placebo group should be taken into consideration when comparing a placebo with active treatment.
The results of the present study of Japanese patients with type 2 diabetes mellitus are generally consistent with the large body of evidence obtained in the HARMONY series of albiglutide studies, carried out in a broader population of patients with type 2 diabetes mellitus [2] [3] [4] [5] [6] [7] [8] . The present study showed that albiglutide monotherapy for 52 weeks had a favorable benefitrisk profile in Japanese patients with type 2 diabetes mellitus whose disease was not adequately controlled on diet and exercise with or without a single OAD. It is the first long-term, phase 3 study of albiglutide monotherapy in this patient population. Albiglutide lowered HbA1c significantly compared with the placebo at 24 weeks, provided sustained glycemic control, did not result in weight gain and was generally well tolerated, with no new or unexpected safety concerns. 
